Synchronous multiplication of rice gall dwarf virus (RGDV) and an assay of its infectivity in cell monolayers of its vector, the green rice leafhopper Nephotettix cincticeps, are described. The number of foci of infected cells was linearly related to the concentration of virus. The method was about 103 times more sensitive than enzymelinked immunosorbent assay. All the vector cells in monolayers were infected when inocula were dilutions of 10 -3.5 of sap from infected plants, 10 -4.5 of extracts of viruliferous insects, 10 -5.5 of infected monolayer cells or purified virus with ~ca260A1Cmnm = 10 -5. RGDV was first detected in monolayer cells 10 h after inoculation, and multiplied 105-fold in the subsequent 40 h. Vector cell monolayers are thus an excellent experimental system for the study of RGDV.
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Rice gall dwarf, a Phytoreovirus (RGDV) is persistently transmitted by Nephotettix cincticeps, N. nigropictus, N. malayanus and N. virescens (Omura & Inoue, 1985) . Bioassay of the virus has hitherto been performed by inoculation access of insects made viruliferous by microinjection . The procedure requires a large number of healthy seedlings and insect nymphs, and greenhouse space; moreover it is laborious and time-consuming. Vector cell monolayers were developed by Chiu & Black (1967) for the assay and study of the plant reovirus, wound tumour virus (WTV), and recently similar vector cell monolayers from N. cincticeps and N. nigropictus have been described in work with rice dwarf virus (RDV) (Kimura, 1986) . So far, only WTV, potato yellow dwarf virus (Hsu & Black, 1973) and RDV have been grown in vector cell systems that correspond to the cell culture systems which have contributed, in large part, to the study of the molecular biology of animal viruses (Hsu et al., 1982) . This paper describes the use of cultured cells ofN. cincticeps to bioassay RGDV in infected rice plants, insect vectors and infected cultured cells.
Inocula from infected plants and from viruliferous N. nigropictus were prepared essentially as described by Kimura (1986) . One g of tissue macerated in 19 ml of extraction buffer (i.e. 1/20 dilution) was passed through four layers of gauze and centrifuged for 15 min at 3000 g. The supernatant fluids were kept at -70 °C. The inoculum was diluted fivefold after thawing, before inoculation (i.e. 10 -2 dilution). The virus activity of the inoculum was assayed at a range of dilutions and the data have been averaged to a standard dilution. Purified virus free from microorganisms was prepared using sterilized tubes and autoclaved or filter-sterilized buffers in the steps of the purification procedure after the first high speed centrifugation . The inoculum from infected monolayers was obtained according to the method of Kimura (1986) except that 30 gl of ceils was macerated in 3 ml of buffer in a mortar and pestle. This dilution of the inoculum was designated as 10 -2. 0000-7840 © 1988 SGM The cell line NC was that described by Kimura (1986) and had been passed through 56 to 70 subcultures at intervals of 7 to 10 days after original establishment. Medium composition and subculture conditions were the same as those reported by Kimura (1986) . Preparation of the monolayer cells on coverslips, dilution of the inoculum, inoculation, immunofluorescent staining and counting of the infected cells were as described by Kimura (1986) . Cells were inoculated for 2 h and, unless otherwise stated, were fixed and stained after incubation for 38 h.
The effects of buffer composition and pH on the infectivity of extracts from leaf samples showing symptoms were tested. Samples first extracted with different buffers (1/20 dilution) were further diluted to various degrees with 0-1 M-histidine, 0.01 M-MgC12 (His-Mg), at pH 6-0 just prior to inoculation. His-Mg was the best extraction buffer (Table 1) and neither 0.1 Mglycine, 0.01 M-MgC12 used for purification of RDV (Kimura, 1976) nor 0.05 M-Tris-HC1 containing 0.1 M-NaC1 and 0.005 M-EDTA, which was used for the purification of Fiji disease virus (Van der Lubbe et al., 1979) was suitable. Of the pH values of His-Mg tested, the highest infectivity of RGDV was obtained at pH 5.96. Infectivity was altered little by two cycles of freezing and thawing in His-Mg (pH 5.96 or 7.03), but was greatly decreased by freezing and thawing in 0.1 M-sodium phosphate buffer (pH 7.05). Therefore, the buffer affects both the cells and also the virus activity itself. Based on these results, the use of His-Mg at about pH 6.0 as the suspension buffer is recommended for RGDV as it was for RDV (Kimura, 1986) .
Monolayer cells on coverslips were examined at intervals after inoculation by immunofluorescence staining. Foci first appeared 12 h after inoculation and after this time the number of stained foci increased linearly until no further significant increase could be detected later than 36 h after inoculation. The first observed staining of the foci was weak, but was more intense in cells kept for longer after inoculation before staining. The duration of inoculation affected the number of foci formed. The maximum number of foci was obtained after 120 min and about 50~ of the maximum was obtained by inoculation for 60 min. The number of foci formed was also proportional to the concentration of the inocula over about a 100-fold range. Plots of loglo numbers of foci against log~o dilution were linear for inocula derived from leaves 40 days after inoculation, from insects 14 days after acquisition access started, from cultured cells 49 h after inoculation or from purified virus (data not shown). The dilution endpoint for the detection of infectivity (more than I0 foci per coverslip) using vector cell monolayers was 10 -6.5 for infected plant extracts which is approximately 103 times more sensitive than detection by enzyme-linked immunosorbent assay (Omura et al., 1984) . Thus, monolayer cells of the insect vector provide a sensitive and reliable bioassay system for the detection of RGDV as they do for RDV (Kimura, 1986) . Vector cell monolayers were 100~ infected when samples were diluted less than 10 -3.5 (infected plants), 10 -4.5 (viruliferous insects), 10 -5.5 (infected monolayer cells) or had ,,a260Al Cmnm ~---10 -s (purified virus). Measurable infectivity (more than 10 loci per coverslip) appeared in extracts of monolayer cells about 10 h after inoculation with RGDV (Fig. 1) . The infectivity of extracts increased sharply between 10 and 40 h after inoculation, reaching a plateau value that was maintained for at least the following 20 h. The increase in virus infectivity in the cultured cells from 10 to 40 h was 105-fold; the doubling time for the increase of the infectivity of RGDV during this period was about 2 h. The relatively synchronous and rapid virus multiplication in inoculated vector cells suggest that these monolayers are an excellent experimental system for the detailed study of the biological events.
Multiplication of RGDV in insects was studied by assaying extracts of viruliferous insects at intervals after acquisition access. A sharp increase in infectivity was observed after between 2 to 8 days ( Fig. 2a ) after which the infectivity reached a plateau that was maintained for more than 28 days. This result is like that obtained with WTV (Reddy & Black, 1972) . These data, together with those of the transmission test showing that the average incubation period in N. nigropictus was about 2 weeks at 25 °C , indicate that the insects begin to transmit RGDV after the virus concentration in their body reaches the highest level.
The maximum rate of transmission was 94~ in N. nigropictus at 21 or 22 days after the acquisition access started and the transmission efficiency decreased with advancing age of the viruliferous insects . From the results obtained in the present investigation this decrease in the transmission efficiency is unlikely to have been related to a decrease in the virus concentration in the insect vector (Fig. 2 a) . Thus the transmissibility of the virus by viruliferous insects may be affected by physiological factors such as senescense of insects rather than the virus concentration itself. Further work is needed to test this possibility.
Multiplication of RGDV was also measured in rice plants by assaying extracts of the middle leaves of inoculated plants harvested at intervals. Infectivity was first detected 5 days after inoculation and it sharply increased during the following 30 days (Fig. 2b) . The high level of infectivity was maintained until 70 days after inoculation.
